We present extensive spectroscopic observations for one of the closest type Ia supernovae (SNe Ia), SN 2014J discovered in M82, ranging from 10.4 days before to 473.2 days after B-band maximum light. The diffuse interstellar band (DIB) features detected in a high-resolution spectrum allow an estimate of line-of-sight extinction as A v ∼1.9±0.6 mag. Spectroscopically, SN 2014J can be put into the high-velocity (HV) subgroup in Wang's classification with a velocity of Si ii λ 6355 at maximum light of v 0 = 1.22 ± 0.01 × 10 4 km s −1 , but has a low velocity gradient (LVG, following Benetti's classification) of v = 41 ± 2 km s −1 day −1 , which is inconsistent with the trend that HV SNe Ia generally have larger velocity gradients. We find that the HV SNe Ia with LVGs tend to have relatively stronger Si iii (at ∼4400Å) absorptions in early spectra, larger ratios of S ii λ 5468 to S ii λ 5640, and weaker Si ii 5972 absorptions compared to their counterparts with similar velocities but high velocity gradients. This shows that the HV+LVG subgroup of SNe Ia may have intrinsically higher photospheric temperature, which indicates that their progenitors may experience more complete burning in the explosions relative to the typical HV SNe Ia.
INTRODUCTION
SN 2014J was discovered in the edge-on starburst galaxy M82 on 2014 January 21.805 (UT dates are used throughout this paper) by Fossey et al. (2014) and it was classified as a type Ia supernova (SN Ia) by Cao et al. (2014) . SN 2014J is one of the nearest SNe Ia discovered over the past three decades, with a distance of only ∼3.5 Mpc. Extensive followup observations were obtained for this nearby SN Ia soon after its discovery. SN 2014J reached its B-band maximum of 11.68±0.01 mag on MJD 56689.74±0.13 , with a post-peak decline rate as ∆ m 15 (B) as 0.96±0.03 mag (observed value from Srivastav et al. 2016) . After correcting for the reddening effect (Phillips et al. 1999 ) from Milky Way and host galaxy, the true light-curve decline rate ∆m 15 (B) true is estimated as 1.08±0.03 (Srivastav et al. 2016) . Based on the early photometric data, the explosion time was estimated to be 2014 Jan. 15.57 UT (MJD = 56672.57, Zheng et al. 2014 ).
With the near-infrared (NIR) and optical spectra from −9.9 d to +10.0 d, Marion et al. (2015) identified C i λ10693. They also found that SN 2014J has a layered structure with little or no mixing, which is consistent with delayed detonation explosion models (Höflich et al. 2002) . and Srivastav et al. (2016) , presenting spectra covering the phases from −7.71 d to +351.09 d, suggested that SN 2014J is near the border of the Normal Velocity (NV) group and the High Velocity (HV) group in the classification scheme of Wang et al. (2009a) , belongs to the low-velocity gradient (LVG) subgroup in the classification scheme of Benetti et al. (2005) , and lies at the border of the Core Normal (CN) and Broad Line (BL) subclasses in the classification scheme of Branch et al. (2009) . Galbany et al. (2016) also concluded that SN 2014J is a transitional SN Ia in all the classification schemes.
Bright supernovae such as SN 2014J also provide good opportunities to study circumstellar material (CSM) and interstellar material (ISM) along the line of sight, given the relatively high extinction that it suffers. Using high-resolution spectra of SN 2014J in the early phase, Goobar et al. (2014) analyzed the dense intervening material and did not detect any evolution in the resolved absorption features during the rising phase of the light curves. In a series of highest resolution (R∼110,000) spectra of SN 2014J, Graham et al. (2015;  hereafter G15) did not detect evolution in any component of Na i D and Ca ii. However, they established the dissipation/weakening of the two most blueshifted components of K i lines, which was attributed to the photoionization of CSM, favoring a single-degenerate (SD) scenario for SN 2014J. The corresponding velocity components of Na i D did not vary with time (which was also noticed by Goobar et al. 2014) , but this may be due to its higher ionization energy. Ritchey et al. (2015) and Welty et al. (2014) detected the Na i, Ca ii, K i, Ca i, CH + , CH, CN in the high-resolution spectra obtained for SN 2014J between −5.6 d and +30.4 d. In particular, the Li i detected in the spectrum of SN 2014J is the first report for the detection of interstellar Li beyond the Local Group.
The high-resolution spectra of SN 2014J also allow the study of the diffuse interstellar bands (DIBs). It has been a long time since Heger (1922) first reported the DIBs, but the carriers of DIBs are still under debate. The earliest DIB feature detected in the spectra of a supernova was found by Rich (1987) using the spectra of SN 1986G. For SN 2014J, the DIB features have been studied by Welty et al. (2014) , Goobar et al. (2014) , and G15. Owing to the correlation with dust extinction, the DIB features can help determine the extinction of SN 2014J in its host galaxy M82.
In this paper, we present our extensive optical spectroscopic observations for SN 2014J as well as our analysis of the spectral features. We describe the observations and data reduction in §2. Analysis of the spectral features is presented in §3. We discussed the diversity of spectral features in §4, and we summarize our results in §5.
DATA REDUCTION
Our optical spectra of SN 2014J were obtained with the 2.16-m telescope at Xinglong Observatory of NAOC, the 2.4-m Lijiang Telescope of Yunnan Astronomical Observatory (YNAO + YFOSC), the 3.58-m Telescopio Nazionale Galileo (TNG + LRS), the Gran Telescopio Canarias (GTC+OSIRIS), the Copernico 1.82m telescope of the INAF-Padova Observatory, and the Galileo 1.22m telescope of the Padova University. Table 1 lists the spectroscopic observations.
We collected in total 56 optical spectra of SN 2014J, spanning from t = −10.4 days to t = +473.2 days with respect to the B-band maximum light (MJD 56689.74±0.13; Marion et al. 2015) , which may represent the largest spectral dataset of SN 2014J published so far. Among our spectra, there are 6 intermediate-resolution spectra (with R ≈ 7,000-10,000) and 1 high-resolution spectrum (with R ≈ 60, 000) obtained with the Lijiang 2.4-m telescope and the Xinglong 2.16-m telescope, respectively. Strong narrow Na i D absorptions are present in all of the spectra, indicating that SN 2014J suffered significant reddening from its host galaxy. Figure 1 shows the complete spectral evolution.
All of the low-resolution spectra obtained by these telescopes were reduced using standard IRAF routines, and calibrated with the help of spectrophotometric flux standard stars. The telluric lines in all the spectra are removed. In some of the 1.22-m telescope spectra, the removals of telluric lines were not perfect due to variable humidity and variable fringing patterns. Moreover, the strongest telluric absorption exactly matched the O i 7774 absorption for nearby SNe, which makes the removals of the telluric lines more difficult. The Yunnan Faint Object Spectragraph Camera (YFOSC) mounted on the Lijiang 2.4-m telescope of YNAO is a multi-mode observation instrument, which can be used to take both low-resolution and intermediate-resolution spectra through cross dispersion. For example, the combination of G10 and E13 gratings can achieve a resolution of R ≈ 7,000-9,000, while the combination of G10 and E9 gratings can achieve a resolution of R ≈ 10,000. The high-resolution spectroscopy at the 2.16 m telescope at Xinglong Observatory is also achieved through cross dispersion. The cross dispersion spectra were reduced using the IRAF echelle package, including bias, flat, cosmic-ray correction, wavelength calibration and flux calibration. All the spectra were corrected for the continuum atmospheric extinction at the observatories where the spectra were obtained.
SPECTRAL ANALYSIS

Spectra Comparison
In Figure 2 , we compare the spectra of SN 2014J from ∼ −10 d to ∼ +9 d with those of some normal SNe Ia with similar reddening-corrected decline rate (dubbed as ∆m 15 (B) true ), such as SNe 2002bo (Benetti et al. 2004 ), 2003du (Stanishev et al. 2007 ), 2005cf (Wang et al. 2009b ), 2007co (Silverman et al. 2015 , 2007le (Silverman et al. 2015) , 2009ig (Marion et al. 2013) , and 2011fe . Their ∆m 15 (B) true , spectral parameters such as Si II velocity, velocity gradient, and spectral subtypes are listed in Table 2 . All spectra of the comparison are de-redshifted and corrected for the reddening from both the Milky Way and the host galaxy using the standard reddening law of Cardelli, Clayton, & Mathis (1989) , i.e., R V = 3.1, unless another value is reported in the previous work. For SN 2014J, an extinction of A V = 1.9 ± 0.6 mag derived in §3.4, and R V = 1.6 that is averaged from different estimates (i.e., Amanullah et al. 2014 , Foley et al. 2014 , and Gao et al. 2015 are used to deredden its spectra. The host-galaxy reddening for the comparison SNe Ia is taken from the corresponding references for each source, which was usually derived by fitting the B − V color evolution over the phases from t = +30 to 90 days past peak (Lira − Phillips relation, Phillips et al. 1999) or the relation between peak B − V color and decline rate ∆m 15 (B) (i.e., Phillips et al. 1999 , Wang et al. 2009b .
Spectroscopic comparisons at ∼−10 days and ∼−6 days are shown in Fig.2(a) . At this earlier phase, SN 2014J is found to be similar to SN 2007le in regarding to the line profile of some main spectral features. In particular, the substructures seen in the absorption features near 4300Å and 4800Å appear quite similar in spectra of these two SNe Ia. For example, the relative strength of the double-valley absorption at ∼4300Å likely due to a blend of Fe ii, Fe iii, Mg ii and Si iii lines (see also Figure 12 The Si ii λ6355 absorption is one of the main spectral features in the early spectra of SNe Ia, and it appears to be asymmetric in SN 2014J, SN 2009ig, SN 2007le, and SN 2005cf at t∼ −10 days, suggesting the existence of the highvelocity features (HVFs). The line profiles of Si ii become very similar by t∼−6 days. In comparison, the Ca ii nearinfrared (NIR) triplet is the spectral feature showing the most striking differences. HVFs can be detected in the Ca ii NIR triplet in all SNe of our sample. Among them, SN 2014J and SN 2007le show stronger HVFs of Ca II NIR triplet, while SN 2011fe shows the weakest Ca ii HVFs. By t∼ −6 days, the Ca ii HVFs weaken and the photospheric component rises in strength. Thus, we conclude that SN 2014J shows close resemblances to SN 2007le in most of the spectral features at early phases, including the Si ii, Ca ii lines, and absorption features at 4000-6000Å. due to the short wavelength coverage. By one week after the maximum light, the spectra of different SNe Ia become relatively uniform, including the Ca ii NIR triplet which shows large diversity at early times, but is now dominated by the more uniform photospheric components (see Fig.2 
Velocity and Velocity Gradient of Si II Absorption Features
For SMilky WayN 2014J, the expansion velocity measured from the Si ii λ 6355 absorption in our near-maximum-light spectrum is v 0 = 1.22 ± 0.01 × 10 4 km s −1 . A slightly lower velocity is reported for SN 2014J from previous studies, e.g., 11,800 km s −1 by Ashall et al. (2014) and Galbany et al. (2016) , 11,900 km s −1 by Marion et al. (2015) , and 12,000 km s −1 by Srivastav et al. (2016) . All these velocities are just around the critical threshold value to discriminate the HV and normal-velocity (NV) subclasses, i.e., 11,800 km s −1 as suggested by Wang et al. (2009a) . Despite the velocity of SN 2014J locates near boundary of HV and NV subclasses, it is more reasonable to classify SN 2014J as a HV (or BL) object considering that it shows a great spectroscopic resemblance to SN 2007le. The velocity gradient is another important parameter to describe the diversity of SNe Ia (Benetti et al. 2005) . For SN 2014J, the velocity gradient is v = 41 ± 2 km s −1 day −1 during the phase from t∼0 to t∼+10 days after the peak, which is close to the results from previous analysis (i.e., 42 km s −1 day −1 in Marion et al. 2015 ; 50 km s −1 day −1 in Srivastav et al. 2016 ; 58.4±7.3 km s −1 day −1 in Galbany et al. 2016 ). This suggests that SN 2014J can be assigned to the low-velocity gradient (LVG) subgroup in the classification scheme of Benetti et al. (2005) . We further examined the evolution of line-strength ratio of Si II λλ5958, 5979 to Si II λ6355, defined as R(Si II) (Nugent et al. 1995) , and found that SN 2014J has a value ranging from ∼0.3 to 0.2 during the phase from t∼−10.4 day until maximum light. This indicates that SN 2014J may be intermediate between the LVG and HVG groups (Benetti et al. 2005) , while this subclassification might still suffer an uncertainty due to the lack of early-time spectra which are more sensitive to differences in explosion.
By exploring previous measurements of v 0 and v, we Childress et al. 2013 , Zhang et al. 2014 . In most cases, the HV SNe Ia also belong to the HVG subgroup and the NV ones can be generally put in the LVG subgroup (i.e., Wang et al. 2009a; Silverman et al. 2012a ).
The velocity evolution of the Si iiλ6355 absorption of SN 2014J is shown in Figure 3 . Overplotted are those of some well-observed SNe Ia, including SNe 2002bo (Benetti et al. 2004 ), 2002dj (Pignata et al. 2008 ), 2003du (Stanishev et al. 2007 ), 2005cf (Wang et al. 2009b ), 2009ig (Marion et al. 2013 ), 2011fe (Pereira et al. 2013; Zhang et al. 2016) , and 2012fr (Childress et al. 2013; Zhang et al. 2014) . The velocity evolution of SN 2002cd, SN 2007bd, SN 2007co, and SN 2007le is also shown because they are similar to SN 2014J in line profiles or velocity evolution. The mean velocity evolution of normal SNe Ia and SN 1991T-like SNe Ia obtained in Wang et al. (2009a) is also overplotted for comparison.
Although SN 2014J shows a velocity evolution that is quite similar to SN 2007le before the maximum light, it exhibits an apparently slower velocity evolution than the latter after the peak (i.e., 99 km s −1 day −1 ; B12). In Figure 4 we compare spectroscopic and photometric parameters measured near maximum light for SN 2014J and SNe from B12. We follow the classification scheme of Branch et al.(2009) , which divides SNe Ia into four groups: cool (CL), shallow silicon (SS), core normal (CN), and broad line (BL). We also divide the Branch-normal SNe Ia into NV and HV subtypes according to Wang's classification scheme. There are some overlaps between Branch's and Wang's classifications. In the CN subgroup, most objects can be put into the NV subgroup, while in the BL subgroup, 2/3 can be put into the HV subgroup and 1/3 into the NV subgroup. We notice that the SNe which belong to both the BL and NV subgroups all have a pEW of Si ii λ6355 absorption < ∼130Å, while those SNe that belong to both the BL and HV subgroups have pEW values ranging from 100Å to 200Å. BL+HV SNe Ia generally have a slightly weaker Si II λ5972 and stronger Si II λ6355 around the maximum light, which indicates smaller R(Si) (or higher photospheric temperature, Nugent et al. 1995 ) for these objects. CN and BL SNe (both HV and NV) have similar scatter in the pEW-∆m 15 (B) space. One can see that SN 2014J falls at the boundary of the CN and BL subclasses in both panels of Figure 4 , but it seems to show more resemblances to BL/HV SNe Ia in terms of the substructures seen near 4000-6000Å, as mentioned in §3.1 and discussed in §4.1. Considering Benetti's classification scheme, we compare spectral parameters of SN 2014J such as v 0 and the velocity gradient v with some photometric parameters such as ∆m 15 (B) and B max − V max in Figure 5 . The data plotted for comparison are taken from literature 2 . SNe Ia of the NV, HV, 91T-like, and 91bg-like subgroups in Wang's classification scheme are represented by different symbols. In each panel, black dashed lines mark the boundary between the LVG and HVG subgroups in Benetti's classification scheme (i.e., 70 km s −1 day −1 ) and between the NV and the HV subgroups in Wang's classification scheme (i.e. ∼1.2 ×10 4 km s −1 ). Fig. 5(b) shows the velocity gradient and velocity distribution of our sample. Wang et al. (2009a) suggested that the velocity gradient v is positively correlated with the near-maximum-light velocity v 0 , and this correlation was later confirmed by Silverman et al. (2012a) . Notice that there are several outliers that do not follow such a trend, including SN 2009ig and SN 2002cd, which both have large v 0 but smaller v. Objects showing such characteristics can be subclassified as HV+LVG SNe Ia, and SN 2014J might be also a member of this subgroup.
In Fig. 5 (c) and Fig. 5(d) , we examined the correlations between the B − V colour at maximum light with v and v 0 , respectively. The colours are corrected only for the reddening in the Milky Way. SN 2014J shows a very red colour, due to the large extinction in M82, which will be further discussed in §3.4. After excluding those SNe that are very likely suffering significant reddening in their host galaxies (i.e., B max − V max > 0.2, as marked by the black dashed lines), we conducted linear fits to the observed relations between the peak B − V colours, v, and v 0 for the rest sample, as indicated by the cyan lines. Fig. 5(d) ) was initially reported by Wang et al. (2009a) and later confirmed by B12 3 . The weaker correlation of B max − V max with v may be related to small number statistics and/or that the physics affecting v is more complex than that for v 0 . Benetti et al. (2005) also suggested that the HVG SNe Ia may have more efficient mixing of heavy elements and hence larger opacities in the outer layers, which can cause lower temperatures for the photosphere. Different photospheric temperatures imply different intrinsic colours for SNe Ia. On the other hand, Wang et al. (2009a) proposed that the redder B − V colours revealed for SNe Ia with large Si ii velocities are likely due to that HV SNe Ia suffered larger extinction from their host galaxies than their NV counterparts. This is consistent with the observation that the SNe Ia showing systematically blueshifted velocity structures (or outflow) due to the circumstellar materials tend to be the HV subclass (Sternberg et al. 2011 ).
Late-Time Spectra
Four late-time spectra of SN 2014J at t = +296.3 d, +404.2 d, +428.2 d, and +473.2 d after the maximum light are plotted in Figure 6 . We also compare these spectra with those of some normal SNe Ia, such as SNe 1998bu (Cappellaro et al. 2001 ), 2002dj (Pignata et al. 2008 ), 2003du (Stanishev et al. 2007 ), 2006X (Wang et al. 2008) , and 2011fe . (Wang et al. 2008) . The detection of a light echo from SN 2014J has been reported by Crotts (2015) and Yang et al. (2017) using the late-time images taken with the Hubble Space Telescope at a few hundred days after the explosion of this SN. However, the late-time spectra can not ensure a detection of the light echo in SN 2014J due to the uncertainty in reddening correction and possible contamination from the host galaxy, our forthcoming paper II (Li et al. in preparation) will focus on the studies of the late-time photometry of SN 2014J.
The nebular spectra can be used to study the inner region of SNe Ia. The FWHM of Fe emission line at ∼ 4700Å serves as an indicator of the kinetic energy of the explosion. For example, Mazzali et al. (1998) km s −1 from the t ∼ 428 day spectrum, by using a 2-Gaussian function to fit the double emission lines superimposed on the continuum. The redshift of these lines suggests that SN 2014J is viewed from the opposite direction of the ignition side, following the trend seen in other HV SNe Ia (Maeda et al. 2010) . However, whether the measured velocity shift really indicates an asymmetric explosion is still controversial (e.g., Wang et al. 2013 ).
High-Resolution Spectrum and Extinction
In this section, we will discuss the Na i D, K i, and DIB features in the high-resolution spectrum of SN 2014J. Note that the Na i doublet absorption and some diffuse DIB absorption features (i.e., at 5780, 5797 and 6613Å) can be also detected in our intermediate-resolution spectra, as shown in Figure 7 . In particular, the two components of Na i D can be clearly resolved and they did not show any significant variations, as indicated by the results listed in Table 3 . On the other hand, it is hardly to tell from the intermediate-resolution spectra whether the DIB features evolve or not due to the lower S/N ratio and uncertainties in wavelength calibration of the spectra. We thus focus on the high-resolution spectrum in the following analysis.
Our high-resolution spectrum was taken on 2014 Jan 29, about 3 days before maximum light. Its wavelength range is from ∼ 4347Å to 9175Å. Owing to the deficiency of the coverage at short wavelengths, we can not study the spectral features of Ca ii H&K, CN, CH, CH + . The Li i absorption cannot be studied because it falls in a gap between different spectral orders. Figure 8 shows four DIBs detected at 5780, 5797, 6283, and 6613Å in our spectrum. All these features have been first normalized to the continuum using low-order polynomials. The full widths at half maximum (FWHMs) and EWs calculated from the Gaussian fit are listed in Table  4 , which are consistent with the results reported in G15 4 Figure 9 shows the Na i doublet absorptions from our high-resolution spectrum and the spectra obtained by G15 on Jan. 22, Jan. 27, and Feb. 24, 2014, respectively. There are two main absorption features due to the Milky Way, with velocities of ∼ −50 km s −1 and ∼ 0 km s −1 , respectively, in the observed frame. Several absorption features from M82 have velocities ranging from 0 to −150 km s −1 in the restframe of M82. G15 showed that the Na i D absorption features did not show any significant evolution with time. From the analysis of our spectrum, we agree with their conclusions.
The K i λλ7664.90, 7698.96 doublet absorption lines can also be detected in our high-resolution spectrum, as shown in Figure 10 . The absorption features of the K i λλ7664.90, 7698.96 doublet lines have many components with velocities ranging form 0 to ∼ −150 km s −1 , with the strength of K i λ7698.96 lines being lower than that of K i λ7664.90 line. The λ7698.96 absorption in the high-resolution spectrum from G15 (taken on Jan 27, 2014) is overplotted for comparison, which matches the main features in our spectrum but with stronger absorptions. This change within 2 days is more likely due to the poor S/N ratio of our spectrum. Since the DIB absorptions are likely caused by the ISM molecules (e.g., Herbig 1995 for a review), they have also been regarded as better indicators of ISM extinction (i.e., Friedman et al. 2011 , Phillips et al. 2013 , Welty et al. 2014 ). Based on the DIB features detected in the high-resolution spectra of SN 2014J, Welty et al. (2014) Phillips et al. 2013) . From the measurement of our spectrum, we derive an extinction of A v ∼1.9±0.6 mag for SN 2014J, based on the average of the relations obtained by Friedman et al. (2011) and Phillips et al. (2013) . We do not count in the relation obtained by Welty et al. (2014) due to its lack of the systematic uncertainty. This extinction value derived from our high-resolution spectrum is consistent with previous estimates.
DISCUSSIONS
In this section, we will further discuss the unusual spectral features seen in SN 2014J and explore their possible origin. There are numerous studies focusing on the diversity of Si ii and Ca ii features based on large samples of SNe Ia (e.g., Silverman et al. 2015; Zhao et al. 2015) , and even on the O I absorptions in the early spectra of SNe Ia (Zhao et al. 2016) . However, few studies have been conducted for the spectral features in wavelength region from 4000-6000Å except for the Si ii λ 5972 absorption. Figure 11 shows the comparison of the wavelength regions 4000-5200Å, 5000-5600Å, and 5500-6400Å, between t ∼ −11 d and −8 d. The latter two wavelength regions cover the S ii and Si ii absorptions, respectively. Spectra of SN 2014J are shown in black, while the spectra of HV, NV, 91T-like subtypes are represented with the red, blue, magenta lines, respectively. Green and purple lines are for SNe 2009dc (Super-Chandrasekhar SN Ia) and 2012cg (99aa-like), respectively.
Absorption features at 4000-5200Å
We first examine the spectral features at 4000-5200Å, where there are two primary absorptions at ∼ 4300Å and 4800Å respectively. Owing to different velocities, we are not sure whether these features at similar positions in the spectra in different SNe are produced by the same elements or not. In order to further study these features, we fit two spectra of SN 2014J in the range of 4000-5200Å at −10.4 d and +0.6 d using SYNAPPS (Thomas et al. 2011 ). We adopt ions of both intermediate mass elements (IMEs), such as Mg ii, Si ii, Si iii, S ii, and iron group elements (IGEs) such as Fe ii, Fe iii, Co ii, Ni ii. The best-fit model spectra are shown in Figure  12 . Overplotted are the spectra of SNe 2002bo, 2007co, and 2011fe. The photometric temperatures and velocities given by SYNAPPS are T phot = 11.2 × 10 3 K, v phot = 14.0 × 10 3 km s −1 for t = −10.4 d and T phot = 10.8×10 3 K, v phot = 11.6×10 3 km s −1 for t =+0.6 d.
At t ∼ −10 days, the absorption at ∼4260Å can be due to Mg ii and Fe iii lines, while the Si iii line can contribute to the minor absorption at ∼4380Å. The absorption feature near ∼4800Å can be due to blending of Ni ii, Si ii, S ii, and Fe iii lines. Ni ii is likely responsible for the strong absorption at ∼4800Å, while Fe iii accounts for the absorption at ∼4950Å. At t ∼0 days, stronger Mg ii absorption dominates the feature at ∼4260Å, with only a small contribution from the Fe iii line. The Fe iii absorption at ∼4950Å also becomes weak at this phase when the Si ii, Fe ii, Ni ii lines are the main contributor to the broad absorption through at ∼4600-5100Å. The weakening of Fe iii and the strengthening of Fe ii are consistent with the decrease of the photospheric temperature with time.
With the above understanding of possible ion contributions to the spectral features at 4000-5200Å, we then examine the diversity seen in different subtypes of SNe Ia including the transitional object SN 2014J. We first notice that the 4300Å absorption feature seen in the t ∼ −10 day spectrum of SN 2002bo has only one major trough at Figure 12) . One can see that these two absorption components near 4300Å have large variation for the HV subclass at early phases, while they show little difference in NV SNe Ia. On the other hand, SN 2003du, SN 2009ig, SN 2009dc, SN 2012fr , and perhaps SN 2012cg seem to have stronger Si iii absorption troughs (near 4400Å) at similar phases, and all of them are characterized by a slow velocity evolution after the maximum light (see also Figure  13 ). In particular, SN 2009ig also belongs to the HV subclass and has an ejecta velocity similar to SN 2002bo, but much weaker Si ii λ5972 as shown in the right panel of Figure 11 .
The absorption trough near 4800Å also shows some diversity at t ∼ −10 days. This feature is very weak in SN 2009dc, SN 2009ig, SN 2012cg, and SN 2012fr , but is very strong in SN 2002bo. Note that the main part of the 4800Å absorption feature is absent in SN 1991T which shows a strong absorption at ∼4900Å (due to prominent Fe iii lines). The formation of the 4800Å absorption feature is complex, due to blending of many lines such as Si ii, S ii, Fe ii, Fe iii, and Ni ii, as indicated by the SYNAPPS fitting as shown in Figure 12 . For SN 2014J, the absorption trough can be decomposed by a minor absorption due to Si ii at ∼4690Å and a major absorption from blending of S ii, Si ii, and Ni ii lines at ∼4820Å. For SN 2002bo, the strong Si ii absorption seen at ∼4700Å is consistent with the weak Si III absorption at ∼4400Å, suggesting a lower temperature. We notice that SN 2005cf has a very strong HVF of Si ii λ 6355 while from 4000Å to 5200Å it shows very similar features as SN 2011fe, which shows no HVF of Si ii λ6355. This indicates that the features at 4000Å to 5200Å are possibly unrelated to the outmost ejecta.
S ii "W"-Shaped Feature
The middle panel of Figure 11 shows the comparison of the wavelength region covering the S ii "W" absorptions (5000-5600Å). We notice that the blue component, S ii λ5468, is much weaker than the red component, S ii λ5640 for most SNe. In some SNe Ia such as SN 2002bo, SN 2003W, and SN 2011fe, the S ii λ5640 absorption seems to be relatively strong, while the S ii λ5468 absorption are relatively prominent in the spectra of SN 2003du, SN 2009dc, SN 2012cg, SN 2012fr, and SN 2014J . For the latter sample, the two components of the S ii "W" structure are more comparable in strength and appear to be more symmetric than the rest SNe Ia in comparison. One common feature for those SNe Ia showing relatively strong S ii λ5468 absorption is that their Si ii λ5972 absorptions tend to be weaker (or barely seen), as shown in the right panel of Figure 11 .
To better quantify the observed diversity of the Sii "W" lines in SNe Ia, we define the ratio of the equivalent widths (EWs) of S ii λ5468 and S ii λ5640 measured at t ∼ −10 days as R(S). Following the method described in Zhao et al. (2015) , we apply a double gaussian fit to the observed line profiles of S ii λ5468 and S iiλ5640 to measure their EW ss. As shown in left panel of Figure (SN 2003W and SN 2002bo) . These examples demonstrate that the Si ii velocity and the velocity gradient v(Si) are not completely linked to each other. Given the correlation between R(S) and v(Si), R(S) may be used as an additional parameter to describe the diversity of SNe Ia.
Physical Constraints
The relationship between R(S) and ∆m 15 (B) can be interpreted as a temperature/ionization effect. A higher photospheric temperature T eff may also lead to the formation of a prominent Si iii absorption at ∼ 4400Å. However, other mechanisms may be also needed given the fact that S ii λ5468 and S ii λ5640 have little difference in their excitation energies (i.e., 13.6 eV versus 13.7 eV). In particular, the correlation between R(S) and v(Si) indicates that the ratio of the S ii lines is likely due to other mechanisms, e.g., the explosion physics and/or progenitor scenarios.
In theory, for the typical W7 or the delayed detonation model, it is hard to produce a SN Ia with a long plateau in velocity or a low velocity gradient. In contrast, a shelllike density structure can naturally produce such a slowlyevolved velocity as the photosphere can remain in the shell for some time (Khokholov et al. 1993; Hoeflich & Khokholov 1996) . Quimby et al. (2007) modeled the effects from the former two scenarios on the observed Si ii velocity and found that a spherically symmetric shell with a mass of 0.2 M ⊙ can reproduce the flat velocity evolution seen in SN 2005hj. Note that this SN is also found to be a normal SN Ia with a relatively strong S ii λ5460 absorption and hence a large R(S). Shell masses of about 0.04, 0.1, 0.12, and 0.13 M ⊙ can be derived for SN 2002cd, SN 2009ig, SN 2012fr , and SN 2014J, respectively, according to the results from models (i.e., Quimby et al. 2007 ) if their slow velocity evolution is also caused by the shell-like density structure.
CONCLUSIONS
In this paper, we present extensive optical spectroscopy (including one very high-resolution spectrum) for SN 2014J, covering the phases from −10.4 d to +473.2 d from maximum light. Based on the detected DIBs in our high-resolution spectrum, we derive a total extinction A v ∼1.9±0.6 mag for SN 2014J.
The spectral properties of SN 2014J are overall similar to that of SN 2007co and SN 2007le. It can be classified as a HV SN Ia, but also belongs to the LVG subclass, which is somewhat against the general trend that HV SNe Ia tend to have a larger velocity gradient. Based on the spectral features in the wavelength region 4000-6000Å we suggest that SN 2014J, SN 2002cd, and SN 2009ig (and perhaps SN 2012fr) share some common properties, and may represent a new HV subtype with a flat velocity evolution (dubbed as HV+LVG subclass). We caution, however, that the classification of SN 2014J as a member of HV+LVG SNe Ia is not as robust as SN 2002cd and SN 2009ig due to that it locates near the boundary of HV and NV subgroups. It is possible that SN 2014J represents a transitional object linking the HV+LVG and NV+LVG subgroups.
The HV+LVG objects are found to have higher temperatures, as evidenced by the strong Si iii feature at ∼4300 A and the weak Si ii λ5972 absorption seen in their early spectra. Moreover, we find that the ratio of S ii λ5468 and S ii λ5640 absorption, R(S), measured at t ∼ −10 days, is inversely correlated with ∆m 15 (B). The R(S) parameter also shows an inverse correlation with the velocity gradient, but with large scatter at the LVG end. Additional mechanism is needed to account for these anti-correlations of R(S), as these two lines of S ii have similar excitation energies. Theoretically, the slow velocity evolution can be formed in a shell-like density structure produced by pulsating delayed detonation scenario, mergers, or interaction of ejecta with circumstellar materials. These scenarios are also consistent with the high photospheric temperatures observed in the HV+LVG subtype of SNe Ia, but a large, well-observed sample of similar properties is needed to test current models. Detailed modeling of W-shaped S ii lines may also help make further distinguish between different scenarios. 14J  02bo  02cd  02dj  03du  05cf  07bd  07co  07le  09ig  11fe  12fr Ia-norm 91T-like (Stanishev et al. 2007 ); 2005cf (Wang et al. 2009b ); 2007le (B12); 2009dc (Taubenberger et al. 2011); 2009ig (Marion et al. 2013 ); 2011fe (Pereira et al. 2013 ); 2012cg (Silverman et al. 2012b; Marion et al.2016 ); 2012fr (Childress et al. 2013 ) are used. Phillips et al. (2013) . b Using the relationship in Friedman et al. (2011) . c Using the relationship in Welty et al. (2014) .
Normalized
This paper has been typeset from a T E X/L A T E X file prepared by the author.
